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-5f*rSltS PLL @ff§gPk , BVl£ P L L mtt&frkO)9 
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-3-— -V |- . 

immMs : ftjjmmmjjftizmmtzQmzixtzm 
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ft£>CMOS%?#»6£& 2^7C-t>'-9-fc LTOCMO 
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tXh<F>9 o y ^gp k . Htfie^ o y 7^ a ? ?1E 
^*rg(t2. PLL [Uff-§gnk , M!£C M o s-fe > 1M|!j&»6 
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WCMOStyn- ••/ hifvlti (14) iOgfi^ 
•y h *-M*«lff ffltSfHIJKcfiii . BuiEiSfi SfS- 
9 1 <xm * S ^ LTSNJI Six, £i > T i > 4 WIS 

W> b •* 4B ffir- * iMSfi ^ f- A . 
[0034] 

eansift c m o s t -y i- «o— mwbw^^ ^ 
>■ o T>^r-9immmnc m o st>ta^ y h ( m 
[0035] ^Mtmmtzion^ > o Tn ^f-9mmm. 

ffittc Most v^ra.- y 1- 1 \i . ff^r A&t^^l*!^ 
^PJjB^lSfSSix^M^CMO S»^^^>f£4 2^7C 
tytt LT«0CMOSt>-9-gP 1 0 1 £#C\ fylJ^. 
If . 2 7MHz DR&fflam Sr t 102*- <b CO 

^ o y ^ (t-t C [3)ffi UCMOS ^ ffi ffifl •§'* i !st 
^•ajSix4. CMOSty^lOltd iii. CM 
O S«^ A'^ffi ! 9 ai ^ ft£BfiME-9$*tfll L . r V^yp 
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Mf- 9 tcsat -t h igtisss k ad mwgs&mi- z> 
it. mm, cMos-t^tf i oi^^iify^/nt?: 

x-*» j ajjj$it4:: k\zf£h, 
[0036] PLL0I1O5I1 KfHS 1 0 2ft>&0 

? r Ufl' 'is \) T/l«a 1 0 6 CflBft-ti . v *5 
U-;p /y ij T/l^j&gS l 0 6 (± . CMOS-fe > 1 0 

y y a 7*hjs§ io3K emmmmtm > . cMost 

> *f& 1 0 1 ?)C M O SS^ S*¥5ffl£nn-9'&£:#> 
*>*¥*0I K tM 7-0SS 1 0 4 frbmliW&NHg&tft 
H\ C MOS-t> tfSCl 0 1 ^£fTC't7V-#i^tft-r 
- ? £ . P L LSK 1 0 5 3&> G> iOBf&T 9 9 □ y 7 (C 
*rJ^T>-'JT»t'-r-^fc:SE*-r*. PL LB 

> U T /L -r - ? ( cSQft * irt v > 4 u— h 

[ 0 0 3 7 ] K -/*/»' l l l ti . a 'Jijy-r 1 1 OAt 1 
1 0 B»'-vJ) ?iif.- . Wili fxv n > Tr^m-fMSSS* 1 
4>ffi*&$it-4*.o* f t— v /i L?r«Prtm.'')yijr/M 
7— 7'/l--fi^(2^:l£i I T . * f Tr |; f 7 injfg i o 3 i: 
¥77(5] KtW 7 IslffS 1 (i 1 - ') TH i 7"A Sri^ttJ 
^"4* Sit H 7 -f rfii]{f2 i o s .t ic^p/Viuj K 7"0{fg 
1 0 4 ti. Z<?)> [) Til 1 7— 771 l&Z&lfX C MO 
s+:> "»fgp i o l ai 'j Sii&Hft-r— u-yp 

/> "j 7A4qmsik i o 6 t;aiaj$ +i-4 , 

[003S] Ky u /L > 'J T;HaftiaH 1 0 6 "C3EM 
Silfca/'JT/mftT*— ^ti. LVDS K^^EIBl 
0 7 (c J: .0 ft£ L V D S 9 k I Tteil S it 4 . 

[00 3 9 ] JjLLtf) i -) ^ir- y 7*± 

IzftM S ir — f - >y CMOS-tm^ Y k 

$ii. ZKCMO Styfi-7 h y'JTAf 
^^;lT->A^5jl$it^»C>(c^^, l^'ot, C 
CDSrffll^cCCD-fe >-*f J. ~ y NWtOf f y h f tiZ 
XZYyA 7%fccrtmuk \ > 7 ISJlg#Jl?ft$i7.4 fc fc i 

(c . -f- y TtiZimzmitmmwtKTigmzixx v ■> 
4 *:*> . 'M2 fb . i37,h itmsm * ii i. . 
[0040] *mmmm.x'i$. . ±i£ajs^^«fi£fc u 
oo. jet; u-/u/>- 7AM i o b^^paiTj 

$ tlh is 'J T./i mmy-'— 9 i . I >i^t*>^ LVDS { Low 
Vpltage Differential Signalling) (f-^fSiil^i^Cf/t 
•o ?t ft-^t^-r a ti#>0) L V D S Y V A s<m% ( 3 - 

h qh ) 107 & . ±ie-f- y y±izm?Mfmm > k 

LlzmmZti, ^(oix^LVDSft-f-^'aiTJJffi^l OS 
A, 10SB*^.fi«|i -y >f x h 7"- y>um<7)itn tfj 

jM. «3ILVDS7 : -r5'te^$ix2», ±ISLV 

Dsfi^t;j:i.fi-^fEjM(±. is>jTMxm<7>mt&: ti 



A E I A — 6 4 4«tS(CDEoTfi : 4'i?iiS . 
[004 1 ] Z'j LTffi^UHFl 08A, 1 OSB/;^ 
aj.7j§ii7^> 'JT'Lli#.7 : '-^{i:. Hff.-r— ^ 7 d y ? 

mre, H3 (b > t*-rj:i**t"-y uti&r. H3 

( A ) iZTjk-tX 5%y *--? y h ffiffc^^rt h L V D s 

[0042] mmWZtt . > 'J T;«ftf- ?ti . 
ii". d3 (A) (c^-Ti'WC. 7t-f\ X^-N. ^Sv»r 

-9 6 „ ffl#.-r-^ 5 . ? 4 . ®ff.7-'-^ 3 . 

W®cr—9 2 . Httr— 9 1 . Hffi-f — 9 0 . ftf^tcx 

h v rmmmm.* ux^h. ±a^9~ hkx y 

IffRii. El 3 (C) tdjjrf H»T-* 9u-? 9<?)±-h± 
0 9 << S >'7 i: 0 # < S >' 7'X-mm $ il-S . 

[0043] *HBat iittf . ±iifM5fe^p D 1li^ftligL- 
fcifc^J: 7 &-=frS£7fgm$>3l#f#£>ix.2> ., 

[0044] S-f . yxfi-f > -^-7x- xmX^z. 
h k , *HSfe?^)BTti . P L L HISS > <7 L >L. > U T 

/naftmRS-f - y T±tmm tx >■ o rn^m^n^ 
- ^ >• x , ;ry# ^laust t -s c > 

^r<. Ati«W«MMtfl5|SiBt4t*«r^ 1*^>[£ 
9 ^ yTmtstzib . ft'Mij t t Jt L t 7c*i(cffi 
M$iil>. 

[0045] #^BJT*ii. L V D S SMtcXo'^TjMfl 

i 5t . mmm^X'h t tz#> j a xtm oti ^ria-eti' 

m[4^*^- <J4 X*- Hi* -c S 4 . ■ Etc . f^M$'h 

, r- ^ fcmmm h ±mz$m § it 4 . 

[0 046] ST. 12 <C*-f $0 < . i-' 'J TJU-t— 9B. 

immnc Mos-t > j.- -y h 1 n&im&T 1 0 s 

A . 1 0 S B *^gjM 7 < > L-t fs3H S ire # ^ L 

v d s ft-^-ti. SftfiiT-*> 5 / < v a > ^^B#.Ma^a 

CO 7.^^ 2 0 1 A. 2 0 1 B(C7vtj$il. LVD Sfi 
#c7) v <0gg 2 0 2(:i 0 is >J T/i-^'iy 9 /1-BttT 
- 9 IZ^MZtlX PLL Hlff§ 20 3 k >■ V T!l/.'<y U- 

>i^m ( s / p ) @K2 0 4 izmta s ix 4 . >• i> r;u/ 
^^u/ng»niB2 0 4ti. mmffley^'JTtwoiyu 

*r-9%> < 5 u ./i t - ^ tzm& l t ma-r- ^ . .*¥R 
Mfs-f-sifsi:isiWfi-§-*ai7]ir-^ t lt iMai-r4. 
[ 0 0 4 7 ] 04 1 0 5ti . *m.w<?M<?mMitmizj: 
4 ^ 'J T/i-x- ^ eaHMEftC MO s -fe >--»f jl- y h a) 
mfcmZfn-t* ttc. 06tcti. H4 km5lz^-t®$% 

mm*:M5E-t&wmT-99x3 v7 <a> . km^^ 
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[ o o 4 s ] xmsmmizx ft > o Tii<?-?fcmmw. 

HC M O S-t> ti- -> Fti - El 1 k H 2 (c^-r^Jfi^ 
S.i7.)tSBit(-fln,t f . C M O S -tr > *T3-- y F ffll ( jSft 

ii) (c 7-f >vf^u 1 1 2mm>->i\x^z>> 

[ 0 0 4 9 ] 7.7JJSB L 1 10A>:1 10 Six 
F => A 7"l°]S& 1 1 1 X'%WiZilfzi>- 0 T.HA 
^Cl&Sr IT. ilh'7 -f 1 0 3 k.yk^ft F 7 

•f /HJ!S 1 0 4 fi . CMOSt y*rm 1 0 1 ^ Hi 73 § 
54 XX* 'J 1 1 2(ClS1i£#X&, 

[ 0 0 5 0 ] 7 A > * t [) 1 12 »"t>{i . Si£ K v A 
TO 1 O 3 > *¥7fm F 74 7'fUSS 1 0 4 *»<b<?5SffiR 

ir: 'x-'b *i > 'J rn^lftHB l o 6 (ci*ai§ixft * 
[ ( i ( t - 1 J 'iyUH/i-V Til-^MB 106 T"^$ 

ffS > l (.) 7 (i.-t ') i . v d SflrafiHEfrsStcteofcflrac 
£i«*it. MiijJST 1 OS A. 108BHMTS1L 
VMS -r - 9 t I X ii! § i t ft , 

[ O 0 5 2] ^ftSJKffiW^V 3 V ( C P U ) f.i7)fifBK 
is\A 5 ( : T< c i c . l2l 2 (-^^^M^J^I^fc JD ,1 T . 
> w U /L > ' J T/l ^^(HSg 2 0 4 *^ <y L- vl-Btf; 

r- 7 r -5. HfsM t 'J 2 0 5 . DMAC ®£§ 2 0 

5 . C F' lJ 2 0 9 €>, >-».J T>l /' <7l, /l ^$%\2} 
82 2 0 4 "CIS i>ftfcrt'ftr- ? ? n y 7 (iyk^T F U 7. 

^ > 7 2 1 o (i . ^mmm^tmmmmm-^nmm 

6 7 F -A T F U X /> -7 > *2 1 1 iCiHttl §iXft , 
[ 0 0 5 3 J C I • I. 2 0 9 ii . x '/t>L-/-' <7 

TO 2 0 4 7> l*i ff. T '- .7 * g(t . D M A C OSS 2 0 8 
1- 1 ) M A Ca> 1-n-Jl.f J, DMAC0K2OSIi. 
P L I- TO 2 0 3 *» ^JSSSEjftRfS^- Sr»f . D M A 

. c u mwz ~> t > i> iz . mmim * v riv/> < 

y U/HSdftElfiS 2 0 4. ffitf^ t !J 2 0 5 . tJ^T F 1^' 
X^<7 > 2 1 0 S.tA' F y A /<2 0 7 tCttSTj-f & , F 5 
A > < 2 0 7 ii . C £7)tt*fi# Sr&jJM r/Hl^CX 
^ L T tB7lSST- 2 0- 6 A >; 2 0 6 B *rj> LTiMttJ't" & . 
[0054] ±j£<7)£ 0 ic. j^fHHI (CMOS-tyf 
PJ) fcSffPJ i-Way : CPU) fctf) I/FtfftlifcS 
it*. 

[00553 *^SSff»JT-(iC P \Jfrc?a)imMT7 
■ZX^KiZDMAiZttRlXii*) . ZiXlZj: D . CP 
Li A*fJf S ^ ^ 'J -^-t ^-9-*> «I (Sf 1 '— ^ $r Hit 
ATJ-f * i k * J T'£ & J; '3 D , F 1 F 0#(C J; * ^ 

[0056] ±.&<T>£ 'j IZ . m 6 (C^-T ^ A 5 > '^ff # 

izx&miwfrtzbti, A^-yn fA zyy'mzwm 
T-?ZWM-?h< *MTti, A ^-yji-m^T-'A-t 
-7 r /l.'«lF^|(i[5ltfi^«rai7J LTV>*//. ^^)ffl^^L 
V DSVyA t<.-?)A *-7>lt fflmiz LT 1> J: i >. 
[0057] C MO 



-.^SfKRO i; Lt i- 1 h Ifi . I ix h -r— 9 ilftfl^T-"- .5- 

a fnra£7.)#ffl^^^^ > LTti. ( i ) i *t i mm . 

( 2 ) P*\ 1 (3)1 tt^&m.. ( 4 ) -?yl.-f-7 = 

( 5 ) Cix^^ltm 
JgflMi. ^J^.tf. CMOS-tyti- y FrSi^t^ 
Si: LtfflV' 1 . CMO S-t> y F ar^ls^^FirT- 

i> -mm t tcimmmmzmm l . ±iac Host > 

y F X'% htitzW®?- 9 Sr^fSPJT-^fl I T -r' 

[ o o 5 s ] ( i ) lttimm-. r-?mmm. ^sipji 
# i oo'owi^ist* o . la i tm 2 izzomtfi 

j&^Sft.Ti-»*. ±ii^J:^(c. CMOS-tyfi--' 
MrtCPLLEIBl0 5 .S.t K > < yV/l />■ [) TM&L 

#1106. LVDSK^'fA'-lOTSrttS, 

y U)V/i,- 0 Tfl^mm 10 5(4. St' y h Orf-?0) 

mzmmmmim. *¥fflmm*Ti>fflmz^mi-&. * 

•■/ 7 cvmnox 9 - F . 7. F y 7°fl^ * P|B?ftC^t 
4 . H4 t H 5 fc^-Ttt^ti 1 M 1 illfi^-otJ) 

ft. - 

[0059] ( 2 ) £*t 1 tfS! : MfSflJIc^^CMOS 

*>-9-jL--y F/z-Mt^o. 7-?&mmt%z,T-? 

*ff 1 1 l&fflMl&Mtfffll izOkZix 

X t » ft . -t ^-*) ^ , tS^^.) C MOS-byfl- y F ( II 
Tf4 3 (I ) <T> 'j k> — >*-C MOS-b > -^-77. 9— 2 0 k 
L. if^OiCMOS-tyt^U- 7'2 1 . 2 2>-t 
hmLX°*>h* Z0>m&tZl&. CMOStyf-77.?- 

2 o frummm^t . »jfi-r^*c Most y^i, 

F~7'2 1 . 2 2.S.V"r-.7^ffgC3 0(C3Mtti$ix. «■ 
C M OS-t 'y*f 20^2 2 ■Cif^i'LftH^r'— ?<7)t— 
?%iE&3 OWMrnfA 5>'7"\ J/-^yx*«WKS 
ixft . 

[0060] -T^-^. CMOS-t>t77^-20 
ii, ^(7)%^MmWzm^V^X . ftiliOCMOS-by 
*T 2 1 . 2 2 ^iStti 9 A 5 y'T'V/aiS L-=S: ^ ^ ■< 5 >' ^ 
t'S E^f/clit?^'- ^ 5: t— 9 ^(ISC 3 o izmtti^ ft 
iiCMW-Tft. i^-. i^CMOS-tyfXU- 72 

1, 2 2(c*fLT, [alSBft^- iCMOS-t >-f 7. U— 7' 
* fejE-T ft X U — 7"#-^ $ aMtB L • . 7.F — 7-#^-Cit§7E 
^ilT^C MOS-b >"9--7 U— 7> »3ii . SftRWft^-^ 

ao'i ->t 5 v wcfin l 4- ^ 5 y yx-mm-r- 9 * s t 

-^SftSC 3 0 tciiffi Sicft i oKzwm^ixh « 
[006 1 ] C 0yi%&0)C MOSt >--^i— y F(B!)^)ffi 
^*qiS(2*$ixTV >ft . C M OStyfi- y F<7)V 
7>'-20 (C(i^-77, 7 -X'fo &Zb. RT/^-y 
•b >^-jW»o ( *WCli 2 (1 ) *ft*»S-t y F L T *5 
<, CMOStyt/-4-7'2 1. 2 2(Cii#7.F— 7' 
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[0062] CMOS-b>t77^-20li, Sfrf S£ 

1 b 2 2tim&7-?$: 

[0063] CMOS-tyfXU-7'2 1 . 2 2<7j#^ 
ti. CMOS-t>"9"7^^-2 0*»4>5tfflL-3t«-«|-(C* 
££HfflfS#. *¥|5]S8ff#. ^Q«y^*«iaj 
L. CMOSt> t^l/-r^-b>t (ttfS«^) * 

-X'fo 0 , ;-^|nl«Bft-^*'C MOSt >"*f 
X U — 7' 2 1 . % CDWrC MOSt yfX V— 7" 2 2b 
v > 3 X 'j (cSIEIb] JWB^ojft 2r * *7 >' h f § - h K J: 

[0064] &ftco-*>--*rm^t-mit2$t.t3mmm 
mm^w^tzm. lvds f^mx-*^ *-7*/i4c 

[0065] 08 2r#R3-f ■?> > . C MO St y+t X U — 

7*ct3^T(±. c mo s^>-^x?-m<?)fflfflT.mm 

2r*,ogS^^A73^1 1 3A> 1 1 3B Of L-TS 
ft L^feifH y>vm^ h'7'(A'l 14 T"> 'J 7VU 

'JT/k/V<7l-/l-^MlIlS^l ISCilliltS; 
[00 66] > 'J T./U/v<7 lsJl>98NBR 1 1 5ti , S 

ft > 'j r/i-f yum^-zxy isii-mmz^m 

I , Sil|5lWft-^&Sit^-(H) t ; 7 -f A@K 1 o 3 > sn 

isisa^ 1 1 6 c . ^mmm^7i<¥^ 1* 

v 10 4 IcMai-T-S. , MfaWi;* «7 > * 1 1 6 12, 

t. r#-§-t <y h ai 1 1 ? iz x o tsit * fi-c t > & g 

e*>* !✓ - 7*#-^ b 2-J±,$2L, MS^'-a: L/c t £ K 
tti'il. K 5-f A< 1 0 7 IzajT] K7>f ^-7')t"ft^-*ri* 

ii l v dst-^ $ l h . 

[0067] ^ fc^Tte, MO 

S t >~f JL^ y h<7)~j *><?;)— Or$IJW±2Hl^l;OVX 

- * Sfttt£ t S £ h i, bj^T S) h Z t im h frX- 

[00 6S] (3) lM^tf^: — OWCMOSty* 

'A -S. . CMOSt >*ta.-.-/ h ffi)J^)1S 
fiJttSU 1 t |5|t3iT'fc 0 . CMOSt y-*fzL~ ••/ I- ffllj (CS 
* ^ o y ? <7j0»Sr«r^> . 7 a y ^ (c[5l«S L X — o 
<0 C M O S -tr >-tfi ~ y h £>Wm?- 

[00 69] ( 4 ) 9X&m. : @7i:o^T 

ieoj l i mm^mt i x . umzmmz t 



X^-SrT-^3E(t»4: LT. »**iitV^4CMOS 
fi-5r *: -7 X ^ - -r- ? ^m^V^t? « =t tZfl&S $ il 

u-/tfe^cMo s -t >-^jl- y hJiisiM ixmit-t 

hZt (C^r 0 . 5ff (i^-^SfiiWC MOSt ^-if 
i- y h imtn-t & Z btzX 0 . § itifi ^JStK L L 

[0070] Z\0)tttti.2WMS> 0 . t >-*fftiOr- 

* .> ^ «j >m t h -n^. > t- 9 > wm^-it lx a 

J . -f y'um^iz i >9 , t > •<* K7'f^* i*l4ft * 
■*^^T-S>^. ii0775tT't±t>^.)^i{f 

>f 7vl -m*irtf&m%tt b f) x y- vmm-t zzt 

(zX 0 >f *-7*A<ft-5|-£— olc-t§^2fci:^S>i, . 

[0071] ( 5 ) grtt&mwi ■. mmmx'h scmos 
t >*rsL- . y h v gftiiTs, ^^ti 
xtiMmf&i. /--y'/Kf-f^) 

C tlr^Bu s y fi-^if*-fi3#.L, 7 

WJlf * -S C M O S t >-fi- y Mi, Bus y fi^-^i' d 
i sab 1 eiOi: §y\X3& J St^TV»4i i: 0 . >! 

<^irt > -r-ftfm hi\X %tzb% . -f-fl5 

[0072] H9Kti*^»ft^tf^«8DDt»t*5ttftC 
MOSt >-^i- y h i^fl|^;(l5&''^$iLT V > & , 

HI ^04 b B-WCiUZtiX i «il*tiPJ*4 

[0 07 3]19l:feV>tll 04^7-0-^^1 1 
2(Cft.tT7lx-^p<t 'J 1 23^'ffll^iX, CMOS 
t>^gPl 0 1 A^oC7)ffl(f ; T-^* : 7P-^^t 'J 1 2 
3Hfeif$ix4,. 

[0074] AM? 1 IS Ah 1 I SBfr h&mVtz 

^>m mm # 1 1 y^r^u . k^^i 19 Tft^ 

'J TilYrtyU.il^.Wm®, 12 0 tV*? kA- 
(I-»fc:S3ftS*i.*. #^>ix^|i|^ff#(iail^r[Bl K5-f 
/<0{fS 1 0 3 fc7K¥*|in W 1 0 4 (.cf#*£$2i 
tv-^-^{±ltiRlfl]^l 2 lt«»$*L*. 
[ 0 0 7 5 ] t >-»y-#^-t v hgg 1 2 2 (Cti . SZ 03itf 
C MOS-tytSl 0 1 fiOt >'-^#^ s t •./ h $2t 
Tfc 0 . t y h *ixtz-t >^m^tftiM®mzmi&*ix 

x^&* ttmm&i 2 i/>) T)v/>^=,yivm$m 

l"h\2 0/;'^f)t >-*T^b . t yffft y l-gp 1 2 

2 tct y h $ii?tt y*mnb imxi m*^**— a 

vxmmn 1 o 6 <;tii^-r ^> . > ^ ? viv/i^ >j.rn^m 
mi i o 6 it. mm* & Vy-i r<mm lost K^fo 
Vv4 '-qg»i 0 4^^^.)SiS[3i.njft-^.>/K J p|5]«flft-^ 
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$rSlt . Zft> 'J T)VA *- 7)UmmzRm IX L V D 
S K 7 -f ' < 1 0 7 izHi-fji-^ * h* 7 4 < 1 0 7 X'm 3$ L 

vDs-r-^tseaisitfeii^ cm o«o (o «cs? 

-f ) MgilLVD Sf- fmMZiX&c 
[0076] HI 1 Of) ( A ) fcttfflfliM 1 108AU 

0 8B^aJ:fr£ft&-T-?7*--? y MSJ&#*in§ix 
TfcD. > *-7>l-tE^tmi 0 (D)(-^f 
H(?rr— ^^O'v^CE^lt , 7*?— h , HffiPUfflft 

*^Wfi#(c^vcB(&T-*7. mm?-? 

6. Bfs-f— Bfi-T-7 4, BftT 1 '— HiM 
-r— 7 2 . Bisr— 7 1 , Bti r— 7 0 . V y 

~Tif>h$Lh LVD Sf- 9tfWk%i\h. 
[007 7] Ell (B) tJiAlj*? 1 1 7 A k 1 

1 7 B*»^A+J$ixS-f-^7^— V y MSEJc^^iX 

7>7- K ^SJSifiHJBie^. JWMcTHWfi 
^•{2^i.- , '-<:-t>"»f#-f-7 . -tr>"^#^-6 , -t >-*f 
5, t>'tf-°4 , -fc >-»f# 3 . ^>'«-?2, -tr>' 

JUSixS, 

[00 78] Ell Hi, *»:J:SCMOSt>ta 

^ y h w&nmamm. t . 7. * u sw^x- 7 e 

jS^Sr =5: < L . 'J %f9>* t'J 1 3 0 SrlS 

K L T LrttfMU- y h k Lfc 7rC'£> 

ai* $ *x& attf - 7 & x^tuno tti^frr 
mmmzffi&t ixa<zt vx * & . 

[007 9] rfJj:5 £fliJ*S:i8B!-t£ Z k IZX 0 , #S 
#tt(cffl«"CJJEaWRJL=. -y HT'tgffiL^ffiMar^^'J 
.(CtSlft LTfcW±\ BfStCt 97*U#»^Bf#;T-7*r 

7 (»«ffl«-f-^t LTt°T) ^lEHLTfe^.. Stffi 

L-7ta#. k ^ja-r & i 1 1 «fc o . e#^jfiifi« * 

[ 0 0 S 0 ] JJjWgaBBJBfcfc^T . HU^hlSltt^L 
V DSb'7-(^10 7 arlxlt -g. £ k tfX § & <7)lZm(ZX' 

[00811 11 2 Ctt. ^^gfi- v htrMf&M 
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(57) ABSTRACT 

A CMOS image sensor unit with serial data transmitting 
function is disclosed. A CMOS sensor unit as a two- 
dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions, a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency, a PLL circuit unit 
receiving the clock signal from the clock unit and a parallel- 
to-serial converter unit for converting parallel data read out 
from the CMOS sensor to serial data in synchronism to the 
clock signal from the PLL circuit are mounted on a single 
image sensor unit. 
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CM OS IMAGE SENSOR UNIT WITH 
SERIAL TRANSMITTING FUNCTION 

BACKGROUND OF THE INVENTION 

The present invention relates to CMOS image sensor units 
with serial data traasmitting function and, more particularly, 
to CMOS image sensor units with serial data transmitting 
function, which are simple in construction while being 
reduced in size and cost, and pick-up units and image data 
transmitting and receiving systems using the same. 

With recent manufacture yield improvement and cost 
reduction of image pick-up elements, various image pick-up 
devices utilizing semiconductor image pick-up elements, 
such as those in which an image pick-up element is set in a 
predetermined position in various apparatuses or buildings 
to pick up an image, convert the picked-up image into an 
electric signal and display the signal thus obtained in a 
display, have become actually used. 

As the image pick-up element adopted for the above 
purpose, CCD has heretofore been usually used, which can 
be manufactured with high yield and at relatively low cost 
and have relatively stable characteristics with low fluctua- 
tion between individual elements. However, CCD requires 
three kinds of driving circuits, causing a relatively large 
power consumption. For this reason, image pick-up devices 
using CMOS element as the image pick-up element have 
recently been attracting attention. 

Compared to CCD, however, the characteristics of CMOS 
have heretofore been fluctuated greatly with individual 
elements, resulting in appearance of fixed pattern noise in 
image data obtained by using a number of CMOS elements. 
For this reason, the CMOS has element not yet been widely- 
used as the image pick-up element. In the mean lime, with 
recent improvement in the CMOS manufacturing 
techniques, characteristics fluctuations with individual ele- 
ments have become reduced, and the generation of fixed 
pattern noise in image data has become suppressed. Thus, 
the low power consumption merit of CMOS over CCD has 
started attracting attention. 

An image signal which is obtained as electric signal by 
conversion in such an image pick-up element is transmitted 
to personal computer or like image processing unit. The 
image signal obtained as electric signal by conversion in the 
image pick-up element, is often converted to a digital signal 
and transmitted as parallel signal via a plurality of cables. 
The prior art sensor unit as described, however, has the 
following problems. 
(1) System Interface 

A digital signal obtained by a two-dimensional sensor, is 
usually required to be transmitted by multiple-bit high-rate 
transmission. For example, with a so-called CIF size image 
constituted by 320x240 pixels, in a case of assigning 8 bits 
per pixel, signals of total of 11 bits of pixel clocked at 6.75 
MHz, vertical and horizontal synchronizing signals and 8 
bits of pixel data. Moreover, in color image transmission 8 
bits are often considered necessary for each of the R, G and 
B colors. This means that it is necessary to transmit 27 
signals. If it is intended to transmit these signals at a high 
rate, it gives rise to problems in each data signal skew for the 
clock. In other words, it is difficult to normalize the 
impedance, the load capacitance, etc. of all the 27 signal line 
cables, inevitably resulting in fluctuations, phase deviations 
of data signal with respect to the clock signal, defective 
digital signal transmission and consequent image quality 
deterioration. Therefore, a plurality of signals are necessary 
as the above two-dimensional image signal. The prior art 



2 

sensor unit is thus not suited for systems aiming at reducing 
size and power consumption. 
(2) Current Consumption 

In a two-dimensional sensor with the digital output as 

5 described above, a sudden change in its output may result in 
noise generation. In view of the interface with external 
circuitry, usually an output capacity of at least about 2 mA 
is set for output buffer current. Simultaneous changes in 24 
bit data cause a current change of 48 mA caused to momen- 

10 tarily flow into the output buffer. This current exceeds the 
consumed current in the two-dimensional sensor itself. 
Therefore, systems aiming at reducing size and power 
consumption pose problems in consumed current into the 
output buffer. 

15 (3) Noise Generation 

A great current caused to flow to the output buffer affects 
the sensor unit of the chip. In the chip, the sensor unit, 
inclusive of photo-diodes and amplifiers, operate analog- 
wise, and current changes other than the signal are prefer- 

20 ably as less as possible. Such great current changes as in the 
output buffer greatly affect the sensor unit. Since such 
changes are synchronized to the clock, they are also syn- 
chronized to the sensor operation and affect as image noise. 
(4) Distance of Data Transmission 

25 In an output buffer which is usually employed, the load 
capacity is about 50 pF, and the current capacity is about 4 
mA. If it Is intended to use such an output buffer for data 
transmission at a high rate, it is inevitable to set a high 
matching impedance, resulting in shortening the transmis- 

30 sion distance. For example, assuming the current capacity to 
be 4 mA, the least matching resistance is 1 .25 kQ at power 
supply voltage of 5 V. Where the video signal is transmitted 
as analog signal, usually the matching is done with 50Q, and 
in SCSI interface (for high-rate digital transmission) it is 

55 executed with 330/220Q. Thus, even.in the matching imped- 
ance alone, for instance, the difference is about 10 times, and 
with transmission distance increase the signal attenuation is 
.. increased by 10 times. This is equivalent to a signal change 
. increase to 10 times. That is, sufficient transmission can not 

40 -be obtained unless the transmission distance or like influ- 
encing factor is reduced to one -tenth. Since common GND 
to all these digital data is adopted, a change in GND has 
adverse effects on all the digital signals. This is a significant 
cause of error occurrence in multiple-bit digital 

45 transmission, and adversely affects the image quality as 
noise (i.e., signal irrelevant to the sense signal) in the sensor 
unit. 

It is summarized that the problems in the above prior art 
sensor unit are as follows. Since the sensor unit output is 
50 parallel data, signal lines (or cables) are required in number 
corresponding to the number of the parallel channels, thus 
leading to complication of the construction and size and cost 
increase thereof. 

Besides, the increase of the number of cables gives rise to 
55 total current increase and hence consumed current increase. 

Furthermore, the plurality of cables slightly vary in 
length, and characteristics fluctuations result in signal skew 
generation, giving rise to image quality deterioration prob- 
lems. 

60 SUMMARY OF THE INVENTION 

An object of the present invention is to solve the above 
problems in the prior art by the provision of a CMOS sensor 
unit with serial data transmission function, which reduces 
65 consumed power, has simplified construction, is small in 
size, is subject to less effects of noise and less image quality 
deterioration and permits longdistance data transmission, as 
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well as an image pick-up unit and an image daia transmitting 
and receiving system using the same. 

According to a first aspect of the present invention, there 
is provided a CMOS image sensor unit with serial data 
transmitting function comprising: a CMOS sensor unit as a 
two-dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions; a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency; a PLL circuit unit 
receiving the clock signal from the clock unit; and a parallel- 
to-serial converter unit for converting parallel data read out 
from the CMOS sensor unit to serial data in synchronism to 
the clock signal from the PLL circuit; these units being 
mounted on a single image sensor unit. 

According to a second aspect of the present invention, 
there is provided a CMOS image sensor unit with serial data 
transmitting function comprising: a CMOS sensor unit as a 
two-dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions; a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency; a PLL circuit unit 
receiving the clock signal from the clock unit; a parallel-to- 
serial converter unit for converting parallel data read out 
from the CMOS sensor In serial data in synchronism to the 
clock signal from the PLL circuit; aikl a drive circuit unit for 
converting the scrul image data obtained by conversion in 
the parallel-ii '-serial converter unit i«» a signal complying 
with an LVDs (low voltage dillerenhal signalling) signal 
transmitting system and providing the signal thus obtained 
as LVDS data: these units K ing mounted on a single image 
sensor unit. 

According to ;i third aspect of the present invention, there 
is provided a CMOS image sensor unit with serial data 
transmitting function comprising: a CMOS sensor unit as a 
two-dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions; a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency; a PLL circuit unit 
receiving the clock signal from the clock unit; a memory for 
storing image data provided from the CMOS sensor unit; 
and a parallel-to-serial converter unit for converting parallel 
data read out from the CMOS seasor unit to serial data in 
synchronism to the clock signal from the PLL circuit; these 
units being mounted on a single image sensor unit. 

According to a fourth aspect of the present invention, 
there is provided a CMOS image sensor unit with serial data 
transmitting function comprising: a CMOS sensor unit as a 
two-dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions; a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency; a PLL circuit unit 
receiving the clock signal from the clock unit; a memory for 
storing image data provided from the CMOS sensor unit; a 
parallel-to-serial converter unit for converting parallel data 
read out from the CMOS sensor unit to serial data in 
synchronism to the clock signal from the PLL circuit; and a 
drive circuit unit for converting the serial image data 
obtained by conversion in the parallel-to-serial converter 
unit to a signal complying with an LVDS (low voltage 
differential signalling) signal traasmitting system and pro- 
viding the signal thus obtained as LVDS data; these units 
being mounted on a single image sensor unit. 

The memory is a line memory or a frame memory. 

According to a fifth aspect of the present invention, there 
is provided a CMOS image sensor unit with serial data 
transmitting function comprising: a CMOS sensor unit as a 
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two-dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions; a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency; a PLL circuit unit 

5 receiving the clock signal from the clock unit; a parallel-to- 
serial converter unit for converting parallel data read out 
from the CMOS sensor unit to serial data in synchronism to 
the clock signal from the PLL circuit; and a memory for 
storing the serial data from the parallel-to-serial converter 

10 unit; these units being mounted on a single image sensor 
unit. 

The clock unit includes an oscillator for generating the 
clock signal by oscillation. 

The clock unit includes a means for introducing a clock 
15 signal generated from an external oscillator. 

The PLL circuit unit includes a program type PLL circuit. 
The CMOS image sensor unit with serial data transmitting 
function further comprises a pick-up lens. 

In the CMOS image sensor unit with serial data trans- 
mitting function, a drive circuit unit for converting the serial 
image data read out from the memory to a signal complying 
with an LVDS (Low Voltage Differential Signalling) signal 
transmitting system and providing the signal thus obtained 
2 - as LVDS data is also mounted on the single image sensor 
unit. 

The image data is sent oui from the parallel-to-serial 
converter unit, the drive circuit unit or the memory accord- 
ing to an external transfer enable signal. 
30 Predetermined image data is stored in the memory and 
read out with image data obtained by pick-up. 

Predetermined image data is stored in the memory and 
read out in such a form that it is combined with image data 
obtained by pick-up. 
35 Preset data is stored in the. memory and read out together 
with the image data obtained by pick-up. 

The preset data is stored in the memory and read out 
together with the image data obtained by pick-up and the 
preset data includes at least either sensor No. data specifying 
40 a sensor unit or master/slave data specifying the master/ 
slave relation of a sensor unit. 

According to a sixth aspect of the present invention, there 
is provided an image pick-up unit comprising a card -like 
body, the above CMOS image sensor unit being mounted on 
one surface of the card-like body, the card-like body having 
a card insertion hole formed in one surface of it, the card 
insertion hole permitting a card -like memory, which can 
store image data provided from the CMOS image sensor 
unit, to be inserted and taken out through it into and out of 
the body. 

According to a seventh aspect of the present invention, 
there is provided an image data transmitting and receiving 
system, in which the above CMOS image sensor unit or the 

55 above image pick-up unit is provided on transmitting side, 
and which comprises only a single data receiving unit for 
receiving data sent out from the transmitting side. 

According to an eighth aspect of the present invention, 
there is provided an image data transmitting and receiving 

60 system, in which a plurality of the above CMOS image 
sensor units or a plurality of the above image pick-up units 
are provided on transmitting side units, and which comprises 
only a single data receiving unit provided on receiving side 
for receiving data sent out from the transmitting side. 

65 According to a ninth aspect of the present invention, there 
is provided an image data transmitting and receiving system, 
in which only a single CMOS image sensor unit slated above 
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or only a single image pick-up unii stated above is provided 
on transmitting side, and which comprises a plurality of data 
receiving units provided on receiving side for receiving data 
sent out from the transmitting side, the transmitting side 
CMOS image sensor unit being accessed independently by 
the receiving side data receiving units for receiving image 
data. 

According to a tenth aspect of the present invention, there 
is provided an image data transmitting and receiving system, 
which comprises a plurality of CMOS image sensor units or 
a plurality of image pick-up units stated above, one of the 
CMOS image sensor units being used as master data receiv- 
ing unit having a right of main control, the other CMOS 
image sensor units being all used as slave units, the master 
data receiving unit generating a synchronizing signal and 
accessing the slave units in synchronism with the synchro- 
nizing signal for receiving image data. 

According to an eleventh aspect of the present invention, 
there is provided an image data transmitting and receiving 
system, wherein a plurality of CMOS image sensor units or 
a plurality of image pick-up units stated above are provided 
on transmitting and receiving sides, the transmitting and 
receiving sides being connected by common bus lines, 
vacant ones thereof being used for transmitting and receiv- 
ing data. 

Other objects and features will be clarified from the 
following description with reference to attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a preferred embodi- 
ment of the CMOS image sensor unit (on transmitting side) 
with serial data transmitting function according to the 
present invention; 

FIG. 2 is a block diagram of the receiving side image 
processing unit in the embodiment according to the present 
invention; 

FIG. 3 shows a structure of serial image data in the 
embodiment of the present invention; 

FIG. 4 is a schematic view showing a different embodi- 
ment of the CMOS image sensor unit with serial data 
transmitting function according to the present invention; 

FIG. 5 is a schematic view showing the image processing 
unit in the receiving side in the embodiment of the present 
invention; 

FIGS. 6(A)-(C)are timing charts showing image data 
clock, transfer enable signal and image data prescribing the 
operation of the circuits shown in FIGS. 4 and 5; 

FIG. 7 is drawing representing the plurality-versus-one 
connection case in the embodiment; 

FIG. 8 shows a construction of the CMOS image sensor 
unit side in the embodiment; 

FIG. 9 is a schematic block diagram showing CMOS 
image sensor unit in the above plurality-to-plurality connec- 
tion case in the embodiment; 

FIGS. 10(AHD) show the format of LVDS data in the 
.embodiment; 

FIG. 11 shows a further embodimeni.of the CMOS image 
sensor unit according to the present invention; and 

FIG. 12 shows a simplified example of image pick-up unit 
construction in the embodiment. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

Preferred embodiments of the present invention will now 
be described with reference to the drawings. 



6 

Embodiment of the CMOS image sensor unit with serial 
data transmitting function will now be described with ref- 
erence to the drawings. FIG. 1 is a substantial block diagram 
showing a preferred embodiment of the CMOS sensor unit 

5 (on transmitting side) with serial data transmitting function. 
This embodiment of the CMOS image sensor unit 1 with 
serial data transmitting function has a CMOS sensor unit 
101 as two-dimensional sensor, which is constituted by a 
number of CMOS elements arranged in a regular array in the 

i° row and column directions. An image signal is read out from 
each of the CMOS elements in synchronism to a clock signal 
from an oscillator 102, which has an oscillation frequency 
of, for instance, 27 Hz. The CMOS sensor unit 101 also 
includes an amplifier for amplifying image signal from each 

15 CMOS element and an A/D converter for converting the 
amplified image signal to digital image data. The unit 101 
thus provides the digital image data. 

A PLL circuit 105 feeds out an image data clock, obtained 
by processing on the basis of an oscillation frequency signal 

20 from an oscillator 102, to a parallel-to-serial converter 106. 
The parallel-to-serial converter 106 receives a vertical syn- 
chronizing signal provided from a vertical drive circuit 103 
for vertically driving the CMOS elements in the CMOS 
sensor unit 101 and a horizontal synchronizing signal pro- 

" vided from a horizontal drive circuit 104 for horizontally 
driving the CMOS elements in the CMOS sensor unit 101. 
and converts the parallel image data received from the 
CMOS sensor unit 101 to serial data under control of the 
image data clock from the PLL circuit 105. The image data 

~° clock from the PLL circuit 105 is converted through the 
parallel-lo-serial conversion to the serial data. To secure the 
transmission rate, therefore, the clock frequency is corre- 
spondingly increased. 

A driver 111 converts a transfer enable signal, which is 
inputted to input terminals 110A and 110B from an elec- 
tronic apparatus, for instance a personal computer to a serial 
enable signal, and feeds out the serial enable signal to the 
vertical and horizontal drive circuits 103 and 104. Receiving 

4Q the serial enable signal, the vertical and horizontal drive 
circuits 103 and 104 feed out the image data provided from 
the CMOS sensor unit 101 to the parallel-to-serial converter 
106. 

The serial image data obtained by conversion in the 

45 parallel-to-serial converter 106 is transferred as high-rate 
LVDS data from an LVDS driver 107. 

The individual circuit components described above are 
mounted on a single image sensor unit, thus obtaining a 
CMOS sensor unit chip, from which the serial digital data is 

50 transmitted. This CMOS sensor unit thus can solve the 
problems in the CCD sensor unit using CCD that the 
multiple-bit structure increases the drive current. In addition, 
since all the necessary constituent elements are mounted on 
one image sensor unit, size reduction and cost reduction can 

55 be promoted. 

In this embodiment, which has the above basic 
construction, the LVDS driver 107 (which is a code circuit) 
is mounted together with the other components on the chip. 
The LVDS driver 107 converts the serial image data pro- 

60 vided from the parallel-lo-serial converter 106 to a signal 
complying with the so-called LVDS (Low Voltage Differ- 
ential Signalling) signal transmitting system. The LVDS 
signal thus obtained is transmitted, i.e., high-rate LVDS data 
transferred, from output terminals 108A and 108B to an 

65 image processing unit for executing such process as display, 
recording, printing, etc. by using a transmission line, which 
is relatively thin and can be easily handled, for instance a 
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iwin cable. The transfer of signal as the LVDS signal 
conforms with the serial transmission standards, i.e., T1A' 
EIA-644 standards). 

The serial image data provided from the output terminals 
108A and 108B is formed as LVDS signal having a format 
configuration as shown in FIG. 3(A) in the image data clock 
cycle and in bit-by -bit correspondence as shown in FIG. 
3(B). 

In a specific example of the serial image data as shown in 
FIG. 3(A), subsequent to the start data the vertical and 
horizontal synchronizing signals, image data 7, image data 
6, image data 5, image data 4, image data 3, image data 2, 
image data 1, image data 0 and finally stop data appear in the 
mentioned order. The start and stop data are prescribed by a 
rise and a fall instant of image data clock as shown in FIG. 
3(C). 

According to the present invention, it is possible to obtain 
the following various specific effects solving the prior art 
problems described above. 

First, in view of the system interface, in this embodiment 
the PLL circuit and the parallel-to-serial converter are 
mounted on a chip for serial data transmission, and only a 
single transmission line is needed. Thus, no problem of 
fluctuations of the impedance, load capacity, etc., concern- 
ing each of a plurality of signal lines in the prior art arises. 
Also, no problem of structural complication arises. 
Furthermore, since only a single transmission line is needed, 
the power consumption is greatly reduced compared to the 
prior art. 

Still further, according to the present invention the trans- 
mitting and receiving operations are done with differential 
signals on the basis of LVDS transmission. Thus, the supply 
current is unformalized or averaged, and noise affecting the 
sensor unit is reduced. Yet further, since differential signal is 
dealt with, any noise, if generated, can be removed because 
of no inter-pair potential difference. Further, it is possible to 
reduce the amplitude of signal, the. drive current generated 
magnetic field, and the EMI generation thus can be sup- 
pressed. Moreover, the distance of data transmission can be 
greatly expanded. 

As shown in FIG. 2, LVDS signal transmitted from the 
output terminals 108A and 108B of the CMOS image sensor 
unit 1 with serial data transmitting function via the trans- 
mission line is inputted to input terminals 201A and 201B of 
a personal computer or like receiving side image processing 
unit, and converted in an LVDS signal receiver circuit 202 
to serial digital image data to be sent out to a PLL circuit 203 
and a serial -to-parallel (S/P) converter 204. The serial-to- 
parallel converter 204 executes a process which is converse 
to the process executed in the transmitting side serial-to- 
parallel converter 106, which converts the serial data to the 
parallel data and sends out the image data and horizontal and 
vertical synchronizing signals as the output data. 

FIGS. 4 and 5 are substantial schematic views showing a 
different embodiment of the CMOS image sensor unit with 
serial data transmitting function according to the present 
invention. FIG. 6 is a liming chart showing image data clock 
(A), transfer enable signal (B) and image data (C) prescrib- 
ing the operation of the circuits shown in FIGS. 4 and 5. 

This embodiment of the CMOS image sensor unit with 
serial data transmitting function comprises, in addition to the 
construction of the embodiment shown in FIGS. 1 and 2, a 
line memory 112 provided on the CMOS image sensor unit 
side (i.e., transmitting side). 

The vertical and horizontal drive circuits 103 and 104 
cause the image data to be fed out from the CMOS sensor 
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unit 101 and stored in a line memory 112 in respoase to 
serial enable signal, which is obtained by conversion of the 
input to the input terminals 110A and HOB in the drive 
circuit 111. 

5 From the line memory 112 the image data is read out and 
fed out to the parallel -to-serial converter 106 according to 
the vertical and horizontal drive signals from the vertical and 
horizontal drive circuits 103 and 104. 

The drive circuit (or code circuit) 107 converts the serial 
image data obtained by conversion in the parallel-to-serial 
converter 106 to a signal complying with the LVDS signal 
transmitting system, and transfers this LVDS signal as 
high-rate LVDS data via the output terminals 108A and 
108B 

FIG. 5 shows the construction of the personal computer 
side (i.e., CPU side) of this embodiment. This embodiment 
comprises, in addition to the embodiment shown in FIG. 2, 
an image memory 205 for storing the parallel image data 

^ Q from the parallel-to-serial converter 204, a DMAC circuit 
208 and a CPU 209. From the serial-to-parallel converter 
204 the image data clock is sent out to a horizontal address 
counter 210 and the horizontal and vertical synchronizing 
signals to a vertical & frame address counter 211. 

25 The CPU 209 receives the image data from the serial -to - 
parallel converter 204, and controls the DMAC circuit 208. 
The DMAC circuit 208 receives the oscillation frequency- 
signal from the PLL circuit 203, and executes a DMAC 
control operation while feeding out a reference signal to the 

30 serial-to-parallel converter 204, the image memory 205, the 
horizontal address counter 210 and the driver 207. The 
driver 207 converts the reference signal to a transfer enable 
signal and feeds out this signal via output terminals. 206A 
and 206B. 

35 As described above, an interface between the transmitting 
side (i.e., CMOS sensor side) and receiving side (i.e., 
personal computer or CPU side) is constituted. 

This embodiment corresponds to asynchronous access 
from the CPU or to DMA. Thus, the embodiment permits 
40 directly inputting the image data from the sensor controlled 
by the CPU to the memory sensor, and also dispenses with 
timing control circuit with FIFO or the like. 

As described above, operation under control of a timing 
signal as shown in FIG. 6 is executed, and pixel data is 
45 updated at each enable timing. In this embodiment, the same 
signal is provided in the disable period of the enable signal. 
However, it is possible to make this period to be like the 
"enable' 7 of the LVDS driver. 

In the above description of the embodiment, the CMOS 
image sensor unit side Ls made to be the data transmitting 
side, and the personal computer is made to be the data 
receiving side. As for the combination of the data transmit- 
ting and receiving sides, there are (1) one versus one 
connection, (2) plurality versus one connection, (3) one 
versus plurality connection, (4) multiplex connection and (5) 
plurality versus plurality connection. These connection 
cases have a purpose of, for instance, using a CMOS image 
sensor unit as a monitor image pick-up unit by installing the 
unit at one or a plurality of monitored places and receiving 
the image data obtained in the unit for displaying the same 
on a display or the like. The various connection cases will 
now be described one after another. 
(1) One-versus-one connection case 
65 This connection case is a basic construction with one unit 
provided on the data transmitting side and also one unit on 
the data receiving side. The construction is shown in FIGS. 
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1 and 2. As described before, ihe CMOS image sensor unii 
1 comprises the PLL circuit 105, the pa rail el -to-serial con- 
verter 106 and the LVDS driver 107. The parallel-to-serial 
converter 105 converts the vertical and horizontal synchro- 
nizing signals in addition to the 8-bit data. For compressing 5 
the data in one clock cycle period, start and stop signals at 
the clock cycle period are also simultaneously converted. 
The construction shown in FIGS. 4 and 5 is also of the one 
versus one connection case. 

(2) Plurality versus one connection case to 

FIG. 7 shows the plurality-versus-one connection case. In 
this case, a plurality of CMOS image sensor units are 
provided on the transmitting side, and only one data receiv- 
ing unit is provided on the receiving side. Specifically, one 
of a plurality (i.e., three in the Figure) of CMOS image 15 
sensor units serves as CMOS image sensor master 20, while 
the others serve as CMOS sensor slaves 21 and 22. In this 
case, the CMOS sensor master 20 sends out the slave 
number data designating a CMOS sensor slave to be con- 
trolled together with the synchronizing signals to the CMOS 20 
sensor skives 21 and 22 for controlling the timings and 
sequence of transfer of image data obtained in the CMOS 
sensors 20 to 22 to the data receiving unit 30. 

In other words, the CMOS sensor master 20 controls the 
sending-oui of own image data u» the data receiving unit 30 
at such an inslanl thai the sciul-oui instants of the other 
CMOS sensors 2 1 and 22 will not coincide. Also, the master 
20 executes such control thai it svikK mil the slave number 
data designating CMOS sensor slaves together with the 
synchronizing signals to the ( "M( )S sensor slaves 21 and 22 '"° 
and the CMOS sensor slaves designated by the slave num- 
bers send out the image dala to the daia receiving unit 30 at 
instants not coincident with one another according to the 
received synchronizing signals. 

FIG. 8 shows the construction of the CMOS image sensor 
unit side in this case. In the CMOS sensor master 20, the data 
indicative of the fact that this unit is the master and that the 
number of slaves (i.e., two in this example) are set. A unique 
slave number is assigned and set for each of the CMOS 
sensor slaves 21 and 22. 

The CMOS sensor master 20 once provides one frame of 
the image data obtained by itself, and no longer provides any 
image data while the CMOS sensor slaves 21 and 22 send 
out image data. 

The CMOS sensor slaves 21 and 22 operate their own- 
internal sensors (i.e., image pick-up elements) by detecting 
the vertical and horizontal synchronizing signals and the 
clock according to the signal received from the CMOS 
sensor master 20. By counting successive vertical synchro- 50 
nizing signal pulses, the slaves 21 and 22 can check whether 
a vertical synchronizing signal pulse is identical with their 
own slave number, for instance the first pulse representing 
the master, the second representing the slave 21, the third 
pulse representing the slave 22 and so forth. 5 - 

When the count of the vertical synchronizing signal 
pulses become identical with the own sensor number, each 
CMOS sensor slave enables the LVDS driver to provide 
sensor data. 

Referring to FIG. 8, in each CMOS sensor slave a driver 60 
114 converts a transfer enable signal, which is received from 
the CMOS sensor master or like unit having a right of main 
control via input terminals 113A and U3B, to a serial enable 
signal, and sends out this signal to the CMOS sensor unit 
101 and the serial-to-parallel converter 115. 65 

The serial-to-parallel converter 115 converts the received 
serial enable signal to a parallel signal, and sends out the 



vertical and horizontal synchronizing signals to the vertical 
drive circuit 103 and a vertical sync counter 116 and the 
horizontal drive circuit 104, respectively. The vertical sync 
counter 116 counts inputted pulses of vertical synchronizing 
signal, and compares the count of pulses and the own slave 
number, which is preset in a chip number setting unit 117. 
When the two compared numbers become identical, an 
output driver enable signal is sent out to the output driver 
107. The output driver 107 transfers the high-rate LVDS data 
as noted before. 

In this embodiment, one of the plurality of CMOS image 
sensor units is made to be the master having a right of main 
control while the others are made to be the slaves. However, 
it is obvious that it is also possible to provide the right of 
main control in the data receiving unit. 

(3) One-versus-plurality connection 

In this case, one common CMOS image sensor unit is 
provided for a plurality of data receiving units as image 
pick-up units. The construction on the CMOS sensor unit 
side is the same as shown in FIG. 1. A basic clock circuit is 
provided on the CMOS image sensor unit side, and image 
data which is obtained from the CMOS sensor unit in 
synchronism to the basic clock is sent out successively to the 
plurality of image pick-up units on the receiving side. 

(4) Multiplex connection 

This case is a modification of the plurality-versus-one 
connection described before, in connection with FIG. 7. In 
this case, a master having a right of main control is consti- 
tuted as a data receiving unit, and all CMOS sensors are 
connected thereto as slaves. The master data receiving units 
generates synchronizing signals. In this construction, all the 
CMOS image sensor units as slaves are synchronously 
operated. The data receiving unit on the receiving side thus 
can freely select the image or switchingly display a plurality 
of sensor images in one image frame by selecting CMOS 
sensor unit or units. 

As this system, there are two varieties. In one variety 
system, data bus is switched for each sensor. In the other 
variety system, common dala bus is provided, arid sensor 
drivers are activated by an enable signal. Furthermore, the 
system is one of two different types, one requiring enable 
signals corresponding in number to the number of sensors, 
the other adopting a cascade connection for using only a 
single enable signal. 

(5) Plurality-versus-plurality connection 

In this case, a plurality of CMOS image sensor units on 
the transmitting side and a plurality of signal input systems 
on the receiving sides are inter-connected by a common 
cable (or data bus line). This construction permits transmit- 
ting the data in units of frames, lines and pixels by preparing 
a "Busy" signal line which can indicate that the data bus line 
is not occupied. When the "Busy" signal is "disable", a 
CMOS sensor unit on the transmitting side knows that the 
bus is not occupied, so that it can transmit its own sensor No. 
and data. The receiving side receives data send out from a 
unit of a necessary sensor No. 

FIG. 9 is a schematic block diagram showing CMOS 
image sensor unit in the above plurality-to-plurality connec- 
tion case. In the Figure, reference numerals like those in 
FIGS. 1 and 4 designate like components. ^ 

In the case of FIG. 9, a frame memory 123 is used in lieu 
of the line memory shown in FIG. 4; and stores image dala 
from the CMOS sensor unit 101. 

A driver 119 converts external synchronizing signals and 
sensor No. data received via input terminals 118Aand 118B, 
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and a serial -lo-paral lei convener 120 converts the serial 
output of the driver 119 to parallel signal. Synchronizing 
signals thus obtained are fed out to the vertical and hori- 
zontal drive circuits 103 and 104. The sensor No. data is fed 
out to a comparator 121. 

A sensor No. setting unit 122, in which the sensor No. of 
the CMOS sensor unit 101 to be taken out is preset, feeds out 
this sensor No. to the comparator 121. The comparator 121 
compares the sensor No. from the serial-to-parallel con- 
verter 120 and the sensor No. preset in the sensor No. setting 
unit 122, and when the two No. data are identical, it feeds 
out a serial enable signal to the parallel-to-serial converter 
106. The parallel-to-serial converter 106, receiving the ver- 
tical and horizontal synchronizing signals from the vertical 
and horizontal drive circuits 103 and 104, feeds out the 
output signal to the LVDS driver 107 in response to the serial 
enable signal. The driver 107 transfers the LVDS data noted 
almvc (shown in FIG. 10(C)) by high-rate LVDS data 
transfer. 

I Hi. 10(A) shows the format of data outputted from the 
output terminals lOSAand 108B. As shown, the LVDS data, 
which is transferred in response to the serial enable signal 
and image data clock as shown in FIG. 10(D), includes start 
data, vertical and horizontal synchronizing signals, image 
data 7, image data 6, image data 5, image data 4, image data 
3. image data 2, image data 1, image data 0 and stop data 
appearing in the mentioned order. 

FIG. 10(H) shows the format of data inputted to the output 
terminals 1I7A and 117B. The data includes start data, 
external vertical and horizontal signals, sensor No. 7, sensor 
No. 6, sensor No. 5, sensor No. 4, sensor No. 3, sensor No. 
2, sensor No. I, sensor No. 0 and stop data appearing in the 
mentioned order. 

FIG. 11 shows a further embodiment of the CMOS image 
sensor unit according to the present invention. In this case, 
the system for transmitting the data to the memory outside 
is dispensed with, and a memory 130, for instance flash 
memory, is mounted to provide an image pick-up unit with 
improved portability. In this example, the image data pro- 
vided from the parallel-to-serial converter 106 is directly 
stored in the memory 130. The memory may be mounted 
fixedly or delachably. 

The above construction is convenient in view of the 
portability. In addition, by storing image picked up in the 
image pick-up unit in the memory, it is possible to read out 
the image data from the memory or take out the memory for 
image processing as desired. In this case, the picked-up 
image may be combined with predetermined image data (for 
instance background image data) stored in the memory, thus 
simply obtaining a synthesized image. 

In this embodiment, it is of course possible to provide an 
LVDS driver like the LVDS driver 107 described before. 

FIG. 12 shows an example of such image pick-up unit 
construction. This example comprises a card-like body 200, 
which supports the above CMOS image sensor unit 1 
mounted on one surface thereof, and has a card insertion 
hole 200 A formed in a side surface. A card-like memory 300, 
for instance a flash memory, can be inserted and taken out 
from the body through the card insertion hole 200A. At the 
bottom of the CMOS image sensor unit 1, a substrate 100A 
is provided, on which is mounted the electric circuit system 
having the CMOS sensor unit 101, the oscillator 102, the 
vertical and horizontal drive circuits 103 and 104, the PLL 
circuit 105, the parallel -to-serial converter 106, etc. 

In each of the above embodiments of the present 
invention, preset data such as the No. data, e.g., sensor No., 



chip No., slave No., etc. specifying the sensor unit, the 
master/slave data specifying the master/slave relation and 
the ratio factor data, are preset in memory, e.g., image 
memory, frame memory, card-like memory, etc., setting unit, 

5 e.g., chip No. setting unit, sensor No. setting unit, el., CMOS 
sensor unit, PLL unit and so forth, or they are stored from 
the master side at the start of operation and read out alone 
or together with the image data in response to a transmission 
request from the master side. 

30 The applications of the present invention as described 
above are by no meaas limitative, and the present invention 
can find various other applications as well. In monitoring 
systems and the like, it is strongly demanded to have the 
image pick-up units buried in personal computers or dispose 

15 a number of image pick-up units in a number of places, and 
the present invention can usefully meet such demands. 

While some preferred embodiments of the CMOS image 
sensor unit with serial data transmitting function according 
to the present invention have been described, these particular 

., 0 embodiments are by no means limitative, and the person 
skilled in the art will readily understand that various changes 
and modifications of these embodiments are possible to meet 
particular applications. The present invention thus covers 
such changes and modifications as well. 

For example, while in the above description the CMOS 

" sensor unit includes an oscillator for generating a clock 
signal, in the basic concept underlying the present invention 
it is necessary to obtain a clock signal in any way. By 
providing a means for introducing an externally fed-out 
clock signal (for instance a clock signal generated from an 

50 external oscillator), the oscillator itself need not be included, 
and the construction thus can be simplified. Also, as for the 
PLL circuit, the circuit construction itself is not important, 
and any means which can provide the PLL function can be 
sufficiently used. For instance, it is possible to use a pro- 

35 grammable PLL circuit or the like capable of selecting the 
ratio factor of the output frequency with respect to the input 
frequency. Furthermore, optical system (for instance an 
image pick-up lens) may be provided in the CMOS image 
sensor unit for focusing an optical image thereon. In this 

40 case, a very small image pick-up device can be realized, 
which has an optical system and an electric system integral 
with each other. 

As has been described in the foregoing, in the CMOS 
image sensor unit with serial data transmitting function 
according to the present invention a PLL circuit, a parallel- 

4> to-serial converter and an LVDS driver are provided as 
integral components. Thus, it is possible to obtain a simpli- 
fied construction, reduce signal deterioration, reduce con- 
sumed current, reduce noise, extent the transmission dis- 
tance and have integral means providing the memory 

50 function. It is thus possible to expand the scope of applica- 
tions of the CMOS image sensor unit with serial data 
transmitting function. 
What is claimed is: 

1 . A CMOS image sensor unit with serial data transmitting 
55 function comprising: 

a CMOS sensor unit as a two-dimensional sensor consti- 
tuted by a plurality of CMOS elements arranged in a 
regular array in the row and column directions; 
a clock unit for obtaining a clock signal at a predeter- 
60 mined oscillation frequency; - 

a phase locked loop circuit unit receiving the clock signal 

from the clock unit; and 
a parallel-lo-serial converter unit for converting parallel 
data read out from the CMOS sensor to serial data in 
65 synchronism to the clock signal from the phase locked 
loop circuit; 

these units being mounted on a single image sensor unit. 
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2. The CMOS image sensor unii with serial data trans- 
mitting function of claim 1 further comprising: 

a drive circuit unit for converting the serial image data 
obtained by conversion in the parallel-to-serial con- 
verter unit to a signal complying with an LVDS (low 5 
voltage differential signalling) signal transmitting sys- 
tem and providing the signal thus obtained as LVSD 
data; 

these units being mounted on a single image sensor unit. 

3. The CMOS image sensor unit with serial data trans- 10 
milling function of claim 1 further comprising: 

a memory for storing image data provided from the 

CMOS sensor unit; 
these units being mounted on a single image sensor unil. 

4. The CMOS image sensor unit with serial data trans- 15 
milting function of claim 1 further comprising: 

a memory for storing image data provided from the 
CMOS sensor unit; 

a drive circuit unit for converting the serial image data 
obtained by conversion in the parallel-to-serial con- 
verter unit to a signal complying with an LVDS (low 
voltage differential signalling signal transmuting sys- 
tem and providing the signal thus obtained as LVDS 
data; 

these units being mounted on a single image sensor unit. 

5. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 3, wherein the memory 
is a line memory or a frame memory. 

6. The CMOS image sensor unit with serial data trans- 
mitting function of claim 1 further comprising: 

a memory for storing the serial data from the parallel-to- 
serial convener unil; 
these units being mounted on a single image sensor unit. 

7. The CMOS image sensor unit with serial data trans- 
mitting function according lo claim 1, wherein the clock unit 
includes an oscillator for generating the clock signal by 
oscillation. 

8. The CMOS image sensor unit with serial data trans- 
milting function according to claim 1, wherein the clock unit 
includes a means for introducing a clock signal generated 
from an external oscillator. 

9. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 1, wherein the PLL 
circuit unil includes a program type PLL circuit. 

10. The CMOS image sensor unit with serial data trans- 
mitting function according lo claim 1, which further com- 
prises a pick-up lens. 

11. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 6, wherein a drive circuit 
unit for converting the serial image data read out from the 
memory to a signal complying with an LVDS (Low Voltage 
Differential Signalling) signal transmitting system and pro- 
viding the signal thus obtained as LVDS data is also 
mounted on the single image sensor unit. 

12. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 1, wherein the image 55 
data is sent out from the parallel-to-serial converter unit, the 
drive circuit unit or the memory according to an external 
transfer enable signal. 

13. The CMOS image sensor unil with serial data trans- 
mitting function according to claim 6, wherein predeter- 60 
mined image data is stored in the memory and read out with 
image data obtained by pick-up. 

14. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 6, wherein predeter- 
mined image data is stored in the memory and read out in 65 
such a form that it is combined with image data obtained by 
pick-up. 
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15. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 6, wherein preset data is 
stored in the memory and read out together with the image 
data obtained by pick-up. 

16. The CMOS image sensor unit with serial data trans- 
mitting function according to claim 6, wherein preset data is 
stored in the memory and read out together with the image 
data obtained by pick-up and ihe preset data includes at least 
either sensor number data specifying a sensor unit or master/ 
slave data specifying the master/slave relation of a sensor 
unit. 

17. An image pick-up unil comprising a card-like body, a 
CMOS image sensor unit with serial data transmitting 
function comprising a CMOS sensor unit as a two- 
dimensional sensor constituted by a plurality of CMOS 
elements arranged in a regular array in the row and column 
directions, a clock unit for obtaining a clock signal at a 
predetermined oscillation frequency, a phase locked loop 
circuit unit receiving the clock signal from the clock unit and 
a parallel-to-serial convener unit for converting parallel data 
read out from the CMOS sensor to serial data in synchro- 
nism to ihe clock signal from the phase locked loop circuit, 
these units being mounted on a single image sensor unit 
being mounted on one surface of ihe card-like body, the 
card-like body having a card insertion hole formed in one 
surface of it, the card insertion hole permitting a card-like 
memory, which can store image daia provided from the 
CMOS image sensor unil, to be inserted and laken out 
through it into and out of the body. 

18. The image pick-up unit of claim 17 further comprising 
a drive circuit unit for converting the serial image data 
obtained by conversion in the parallel-to-serial converter 
unit to a signal complying with an LVDS (low voltage 
differential signalling) signal transmitting system and pro- 
viding the signal thus obtained as LVDS data, these units 
being mounted on a single image sensor unit being mounted 
on one surface of the card -like body, the card-like body 
having a card insertion hole formed in one surface of it, the 
card insertion hole permitting a card-like memory, which 
can store image dala provided from the CMOS image sensor 
unit, to be inserted and taken out through it into and oui of 
the body. 

19. The image pick-up unit of claim 17 further comprising 
a memory for storing image data provided from the CMOS 
sensor unit, these units being mounted on a single image 
sensor unit being mounted oh one surface of the card-like 
body, the card-like body having a card insertion hole formed 
in one surface of ii, the card insertion hole permitting a 
card-like memory, which can store image data provided 
from the CMOS image sensor unit, to be inserted and taken 
out through it into and out of the body. 

20. The image pick-up unit of claim 17 further comprising 
a memory for storing image data provided from the CMOS 
sensor unit, and a drive circuit unit for converting the serial 
image data obtained by conversion in the parallel-lo-serial 
converter unit to a signal complying with an LVDS (low 
voltage differential signalling) signal transmitting system 
and providing the signal thus obtained as LVDS data, these 
units being mounted on a single image sensor unit being 
mounted on one surface of the card -like body, the card -like 
body having a card insertion hole formed in one surface of 
it, the card insertion hole permitting a card-like memory, 
which can store image data provided from the CMOS image 
sensor unit, lo be inserted and taken out through it into and 
out of the body. 

21. The image pick-up unil of claim 17 further comprising 
a memory for storing the serial dala from the parallel-lo- 
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serial converter unit, these units being mounted on a single 
image sensor unit being mounted on one surface of the 
card-like body, the card-like body having a card insertion 
hole formed in one surface of ii, the card insertion hole 
permitting a card-like memory, which can store image data 5 
provided from the CMOS image seasor unit, to be inserted 
and taken out through it into and out of the body. 

22. An image data transmitting and receiving system, in 
which the CMOS image sensor unit according to claim 1 is 
provided on transmitting side, and which comprises only a to 
single data receiving unit for receiving data sent out from the 
transmitting side. 

23. An image data transmitting and receiving system, in 
which a plurality of CMOS image sensor units according to 
claim 1 are provided on transmitting side units, and which 15 
comprises only a single data receiving unit provided on 
receiving side for receiving data sent out from the transmit- 
ting side. 

24. An image data transmitting and receiving system, in 
which only a single CMOS image sensor unit according to 20 
claim 1 is provided on transmitting side, and which com- 
prises a plurality of data receiving units provided on receiv- 
ing side for receiving data sent out from the transmitting 
side, the traasmitting side CMOS image sensor unit being 
accessed independently by the receiving side data receiving 25 
units for receiving image data. 

25. An image data transmitting and receiving system, 
which comprises a plurality of CMOS image sensor units 
according to claim 1, one of the CMOS sensor units being 
used as master data receiving unit having a right of main 30 
control* the other CMOS image sensor units being all used 

as slave units, the master data receiving unit generating a 
synchronizing signal and accessing the slave units in syn- 
chronism with the synchronizing signal for receiving image 
data. 35 

26. An image data transmitting and receiving system, 
wherein a plurality of CMOS image sensor units according 
to claim 1 are provided on transmitting and receiving sides, 
the transmitting and receiving sides being connected by 
common bus lines, vacant ones thereof being used for 40 
transmitting and receiving data. 

27. A method for generating image data comprising: 

a) reading out an image signal from each of a plurality of 
CMOS elements; . 



b) converting the image signals to digital image data: 

c) providing the digital image data to a parallel to serial 
converter to generate serial digital image data; and 

d) providing the serial digital image data to an low voltage 
differential signaling driver to generate a high-rate low 
voltage differential signaling encoded image signal. 

28. The method of claim 27 further comprising: 
amplifying the image signals before the act of convening 

the image signals to digital image data. 

29. The method of claim 27 wherein the act of reading out 
an image signal from each of a plurality of CMOS elements 
is performed in synchronism with a clock signal. 

30. The method of claim 27 further comprising: 
generating a vertical synchronizing signal; 
generating a horizontal synchronizing signal; and 
generating an image clock signal, 

wherein the serial digital image data is generated based 
on at least two of the vertical synchronizing signal, 
the horizontal synchronizing signal and the image 
clock signal. 

31. The method of claim 30 further comprising: 
accepting a transfer enable signal, 

wherein the vertical and horizontal synchronizing sig- 
nals are generated based on the transfer enable 
signal. 

32. The method of claim 30 further comprising" 
accepting a transfer enable signal; and . • . - 
generating a serial enable signal based on the transfer 

enable signal, 

wherein the vertical and horizontal synchronizing sig- 
nals are generated based on the serial enable signal. 

33. The method of claim 27, further comprising: 
supplying a clock signal to a phase locked loop circuit 

from a clock unit; and 
supplying a clock signal from the phase locked loop 
circuit for converting the digital image data to the serial 
digital image data in synchronism to the clock signal 
from the phase locked loop circuit. 



